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1. Introduction
Non-BPS D-branes have been intensively studied in recent years (see, for example
[7, 8, 13, 14, 15] and for review, see [4, 5, 6]). It was proposed in ref. [9, 10, 11]
that all D-branes in Type IIA, IIB and Type I theory can be classied via K-theory.
This classication is based on tachyon condensation in unstable system of space-time
lling branes, D9-branes and antibranes in Type IIB theory and non-BPS D9-branes
in Type IIA theory. In this approach, existence of stable BPS D-branes was deduced
from topological arguments. It would be nice to see, how these branes emerge directly
from non-BPS D9-branes in IIA theory or from system D9-branes and antibranes in
IIB theory. In this paper, we would like to show this phenomena.
In the previous paper [1], we have proposed action for system of non-BPS D9-branes,
following [2]. We have shown, that via tachyon condensation in form of kink solution on
the system of N non-BPS D9-branes we are able to obtain action for N − k D8-branes
and k D8-antibranes. Than we have shown, that we are able to obtain BPS D6-brane
from two D9-branes in Type IIA theory in "step by step " construction, that is based
on tachyon condensation in form of kink solution. We have also shown, that the action
for D6-brane turns out directly from action for system D8-brane and antibrane from
tachyon condensation in the form of vortex solution on world-volume of system brane
and antibrane. We have nished the paper [1] with analysing of Wess-Zumino (WZ)
term for non-BPS D-brane and we have discussed some problems related to tachyon
condensation in WZ term. in this term.
In this paper, we will continue in our previous work of tachyon condensation. The
starting point will be action for 16 non-BPS D9-branes in Type IIA theory. The action
for non-BPS D-brane was proposed in [2] and we have generalised this action for the
system of N non-BPS D-branes in Type IIA theory in [1] in the same way as for ordinary
BPS D-brane, see for example [19, 20]. As was explained in [2], action for non-BPS
D-brane contains term, which expresses presence of tachyon on the world-volume of
non-BPS D-brane. This term has a property, which lies in heart of our construction,
that for tachyon equal to its vacuum value, it is zero. We have made some comments
about this term in [1], where we have estimated its form on general grounds. In this
paper we will see, that with using this simple term, we are able to get some interesting
results.
Plan of this paper is follows. In section (2) we will show how our idea works
on rather simple example of "step by step" construction of tachyon condensation on
world-volume of 16 non-BPS D9-branes in Type IIA theory. We will see, that in this
construction we obtain action for 16 D0-branes in Type IIA theory, with agreement
with [10], but there is a slight dierence with [10], where was argued that due to the
tachyon condensation we are able to get one single D0-brane. In fact, as we will see on
many examples of tachyon condensation on world-volume of D9-branes in IIA theory,
we always get action for 16 D-branes, some of them form a bound state, so they do
not contribute to the dynamic of the system, but their presence can be deduced from
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tension of resulting brane (for example, action that arises from tachyon condensation
in section (2) contains factor 24 expressing the fact that D0-brane is a bound state
of 16 D0-branes). This result is consequence of the fact, that 16 non-BPS D9-branes
participate in the construction of D-branes in Type IIA theory.
In section (3) we will discuss construction of general Dp-branes in Type IIA theory
via tachyon condensation in generalised vortex solution, following the approach in [10].
Again we obtain correct action for D-branes. In the end of these section, we will show,
that we are also able to obtain all lower dimensional D-branes in Type IIA theory from
system of 16 non-BPS D9-branes which is in agreement with [10]. Again we will see,
that the resulting action describes 16 D-branes.
In section (4) we turn to the problem of construction of D-branes in Type IIB
theory from tachyon condensation in the form of vortex solution on world-volume of
system D9-brane and D9-antibrane. We will show on example of D1-brane, that this
construction leads to the action for lower dimensional D-branes in Type IIB theory
with agreement with [9], with dierence, that resulting action describes 16 D1-branes
again reflecting the fact, that we have used 8 D9-branes and 8 D9-antibranes in this
construction.
In section (5) we construct general D-branes in Type IIB theory from 16 D9-branes
and D9-antibranes, following [9].
In section (6) we propose form of Wess-Zumino term for non-BPS D-branes. We
start from the WZ term for single non-BPS D-brane presented in the ref.[17] and
generalise this result for system of N D-branes and we also propose higher terms in
covariant derivative of tachyon, which are needed for correct reproduction of WZ term
for ordinary BPS D-brane, as we will see on the example of tachyon condensation in
"step by step" construction leading to the D0-brane. Again we will see, that resulting
charge of D0-brane contains factor 16. The emergence of this factor in WZ term is
crucial, because the resulting D-brane should be stable object [9, 10] and such a object
should be BPS state of theory and consequently charge and tension of this object must
be equal.
In section (7) we will show, that other various possibilities of tachyon condensation
leads to correct values of WZ-term for D-branes. We will see, that tachyon conden-
sation in form of vortex solution on world-volume of brane and antibrane need some
modication of anomalous WZ term given in [18], in particular, we will see importance
of this anomalous term in construction of WZ term for BPS D-branes.
In section (8) we sum up our result and propose other possibilities of our research.
2. Step by step construction
We would like to show, that in our approach we are able to obtain all D-branes in Type
IIA, IIB theories. We will start with IIA theory and we will construct D-branes with
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using tachyon condensation as in [10]. Firstly, we will show "step by step" construction,
where we will construct D-branes from kink tachyon solution.














F (T; DT; :::)
(2.1)
In this section we consider only leading order terms in expansion of DBI action, because
there are some problems in generalisation of DBI action for non-Abelian case (for re-
view, see [3]). In this action: M; N = 0; :::9; R is right handed Majorana-Weyl spinor,
L is left handed Majorana-Weyl spinor and F is a function expressing interaction be-
tween massless elds coming from open string sector and tachyon as well as interaction
between tachyon and elds coming from closed string sector, graviton, antisymmetric
two form ...). In this article, we are interested only in trivial background, so that there
are no interaction between tachyon and elds coming from closed string sector. As was
argued in paper [1], this term has a form 1:






MT + Tr(f(T )RL) + V (T )
i
(2.2)
and tachyon potential has a form [10]:






is minimum of potential and we have included constant term into potential in order




which will be clear later. Finally we have included in (2.2) factor
p
22=g, where g is a
string coupling constant. This factor corresponds to the tension of non-BPS D-brane.
We will demonstrate, that with using this action, we are able to obtain action for
single D0-brane in Type IIA theory. As was proposed in [10], natural gauge group on
non-BPS D9-branes is U(16). Now we show "step by step" construction, where in each
step we use tachyon kink solution.










1We work in units 420 = 1, then tension of the D-brane is 2g and 2
0 = 12 .
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−Tv; x9 < 0




Of course, this is rather singular function and one may wonder whether it is
solution of equation of motion, but this function can be seen as a limit of ordinary
continuous kink solution of equation of motion for tachyon, so we can expect, that
it is solution of equation of motion. This can be also seen directly, when for a
moment we do not consider gauge and spinors elds in F . When we consider only





= 0. Clearly, (2.7)
is solution of this equation, because derivation of tachyon is zero and derivation
of potential is zero as well due to the fact, that T0 is minimum of potential. The
situation is slightly complicated in the point x9 = 0. Firstly, I must mention, that
we solve equation of motion, where we consider dependence of tachyon only on
coordinate x9. In other words, we are not interested in behaviour of o diagonal
components of tachyon elds. Then we can approximate diagonal part of tachyon
in region around point x9 = 0 as T = Tv
L
x9, where we take limits L ! 0; x9 ! 0
and in this limit we keep xed x
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)2) which goes to
zero as well. We can conclude, that (2.7) is solution of motion (Clearly, this rough
analysis is not correct mathematical proof, but we believe, that reflect the basic
properties of this solution).
Now we can proceed in the same way as in ref [1] and we referee to this paper for
more details. As a result, we obtain action for 8 D8-branes and 8-D8-antibranes,
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16T 2v + 2Tr(XT − TX 0)(X 0T − TX)+
+2Tr( ~DT  ~DT + (−m2Tr(TT ) + Tr(TT )2)




where X; ; A belong to the adjoin representation of U(8),which corresponds to the
gauge group of 8 D8-branes, similarly X; 0; A0 correspond to 8 D8-antibranes and
T; B = Cy are tachyon and spinor elds respectively coming from the string sector
connecting brane and antibrane and they transform in the (8; 8) of U(8)U(8).
Finally, we also dene DX = dX + [A; X]; D0X 0 = dX 0 + [A0; X 0]; ~DB = dB +
AB − BA0 and we have used notation C = 2p2=g.
Now we proceed to the second step, which is a tachyon condensation in the form
of kink solution on the world-volume of these branes.
Step 2 We will construct tachyon kink solution on world-volume 8 D8-branes and 8
D8-antibranes. The solution has a form:
T (x8)ij = T0(x
8)ij (2.9)
where i; j = 1:::8. Again, it can be shown, that this kink solution is solution of
equation of motion for tachyon without presence of other massless elds. However,
introducing of massless elds into equation of motion for tachyon lead to various
constrain on these elds.
Firstly, we see, that (2.9) breaks gauge symmetry U(8)  U(8) into diagonal
subgroup U(8). Now we will solve equation of motion in point x8 6= 0, where
tachyon eld is in its vacuum value and it is constant, so that equation of motion




For term with transverse fluctuation, we obtain:
T
Tmn
= (Xijmjkn − imjnX 0jk)(X 0klT li − T klXli) = 0 (2.11)




When we insert (2.12) into (2.11) and using (2.9), we get:
(::::)(Xkl −X 0kl) = 0
Because (2.12) holds in point, where T = T0 and our solution is in vacuum value
almost everywhere, than requirement of continuously of massless elds leads to
the condition, that this holds for all x8, including x8 = 0.




where  = 0; :::; 7, because kinetic term in (2.8) reduces for constant tachyonic
solution to:
(AT − TA0)(A0T − TA) (2.14)
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With using the same arguments as for scalar elds, this condition must hold for
all x8.
Now we proceed to the question of fermionic elds, for which we obtain following










and where we have used the fact, that T0 = T 0. We
write B = X + iY; C = By = X − iY where we have dened Hermitean matrices
X; Y . Then (2.15) has a form:
g(T0)
h








The solution of previous equation is
X = 0;  = 0 (2.17)
In the same way we could take Y = 0;  = −0, but this result is the same as
previous one.
We must also show, that in point x8, where tachyon is in its vacuum value, the
function F is zero. We know, that covariant derivatives, interaction terms with
fermionic elds an scalar elds are zero. The remaining terms are
16T 2v + 2V (T0) (2.18)



















2 = 0 (2.21)
As a result, F is zero for T = T0 and in the point x
8 = 0 looks like delta function.
In previous part we have obtained number of constrain on the massless elds, that
can suggest non-BPS D7-brane. Indeed, the tachyon solution (2.9) is not the most
general for describing D7-brane. Remember, that in the kink solution only real
part of the tachyon eld is xed. We have than freedom to add to the solution
(2.9) an imaginary part, that is function of remaining coordiantes x0; :::x7 (we
denote these coordinates as y and this imaginary part is localised only in point
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x8 = 0, because outside this point we would like to have pure vacuum). So that
generalised tachyon eld is
T (x8; y) = T0(x
8) + iT (y)(x8); T (y)y = T (y) (2.22)
Now we insert this tachyon eld into second bracket in (2.8) and we use the
constrains for massless elds obtained in previous part, that must hold also for
generalised solution, which modies only behaviour of tachyon eld in the core
of the kink. Covariant derivative has a form:
DxT = Tv(x
8) + i(A8T (y)− T (y)A8)(x8) = (Tv + i[A8; T (y)])(x8) (2.23)
where we have used dT0(x
8)
dx8
= (x8); [A; T0] = 0 and we have also used the fact
that derivative of delta function d(x
8)
dx8
after inserting into action and performing
integration by parts leads to the derivation of all elds with respect to x8, but
these elds are not function of x8, so we can discard derivation of this delta
function. Then we obtain :
TrDx8TD
x8T = (8T 2v + Tr[X
8; T ]2)(x8) (2.24)
where X8 = A8; T = T (y) and we have used 2(x) = (x). In the action for
brane+antibrane we also have term:
Tr(XT − TX 0)(X 0T − TX) (2.25)
and with using (2.12, 2.22) this term reduces into:
Tr[X9; T (y)]2(x8) (2.26)
Now we take  = 0; :::7. Then from the remaining covariant derivatives we obtain:
DT (x; y) = i@T (y) + [A; T (y)] (2.27)
As a result, we obtain from kinetic term for tachyon and term containing trans-
verse fluctuation (2.26) the nal expression:
(8T 2v + TrDT (y)D
T (y) + ijTr[X
i; T ][Xj; T ])(x8) (2.28)
where i; j = 8; 9.
Potential term reduces in point x8 = 0 in
V (T ) = (−m2TrT (y)2 + TrT (y)4)(x8) (2.29)




if(T (y))(−iY )Γ0 − if(T (y))(iY )Γ0

(x8) = 2Trf(T (y))B(x8) (2.30)
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i; T ][Xj; T ]+(−m2TrT 2+TrT 4)+Trf(T )B)(x8)
(2.31)
Now we return to the rst bracket in (2.8). With using (2.12, 2.17, 2.13) and the
fact, that all elds are independent on x8, we obtain the following results:
Tr(F 2 + F 02) ) Tr(2FF  + 4DX8DX8) (2.32)






























i; T ][Xj; T ] + V (T ) + Trf(T )B

(2.35)
where we have included constant term 8T 2v from (2.28) into (2.29). This new
potential has important property, that it is zero for tachyon equal to its vacuum
value.
V (T ) = 8T 2v − Trm2T 2 + TrT 4 (2.36)
We see, that (2.35) is natural action for 8 non-BPS D7-branes in IIA theory. We
see the factor 2 in front of the action, which reflects the fact that 16 D9-branes
have participated in construction of 8 non-BPS D7-branes.
As a next step, we will construct kink solution on world-volume of this system.










7) has the same behaviour as in (2.7).
The discussion is the same as in step 1, so we briefly recapitulate the result.
However, there is one dierence. We have term Tr[X; T ]2 in the second bracket
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in (2.35). Analysis of this term gives the same condition as in the case of gauge







where X i; X 0i 2 U(4).
With this kink solution, we obtain action describing 4 D6-branes and 4 D6-
antibranes, where each D6-brane or antibrane is a bound state of two D6-branes



















+ 4iTr(BΓ ~DB + BijΓ




0 + 2DX 0D0X 0 + 2i
0
(ΓD0






8T 2v + 2ijTr(X
iT − TX 0i)(X 0jT − TXj)+
+2Tr( ~DT  ~DT + V (T; T ))
+Tr(f(T )B) + Tr(f(T )C0)
o
(2.39)
where ;  = 0; :::; 7; i; j = 9; 8; 7 and trace goes over adjoin representation of
U(4) and the meaning of various elds is the same as in step 1. Now we proceed
to the step 4.
Step 4 In this step we construct kink solution on world-volume of 8 D6-branes and
8 D6-antibranes. This kink solution is the same as in (2.9), which breaks gauge
symmetry U(4)  U(4) into its diagonal subgroup U(4). As a result, we obtain
action for 4 non-BPS D5 branes in IIA theory, where each D-brane is a bound























i; T ][Xj; T ] + V (T ) + Trf(T )B

(2.40)
where ;  = 0; :::; 5; i; j = 6; :::; 9. Now we are going to the next step.
Step 5 Again we construct kink solution on world-volume of four non-BPS D5- branes
and as a result, we obtain action for two D4-branes and two D4-antibranes (As
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in previous parts, each D4-brane is a bound state of four D4-brane, and each


















+ 4iTr(BΓ ~DB + BijΓ




0 + 2DX 0D0X 0 + 2i
0
(ΓD0






4T 2v + 2ijTr(X
iT − TX 0i)(X 0jT − TXj)+
+2Tr( ~DT  ~DT + V (T; T ))
+Tr(f(T )B) + Tr(f(T )C0)
o
(2.41)
where ;  = 0; :::; 4; i; j = 5:::; 9. Now we arrive to the next step.
Step 6 We construct kink solution on world-volume of 2 D4-branes and 2D4-antibranes.
Again, this solution breaks symmetry U(2) U(2) into diagonal subgroup U(2).























i; T ][Xj; T ] + V (T ) + Trf(T )B

(2.42)
where ;  = 0; :::; 5; i; j = 6; :::; 9. Again we must mention, that each D3-brane
is a bound state of 8 D3-branes.
Step 7 We construct kink solution on world-volume of two non-BPS D3-branes in IIA
theory, which leads to system of D2-brane and D2-antibrane. This solution breaks
gauge group U(2) into U(1)U(1). As a result, all commutators are zero and we
must replace all covariant derivatives with ordinary derivatives. We than obtain













+4i(BΓ ~DB + BijΓ











2T 2v + 2ijTr(X
iT − TX 0i)(X 0jT − TXj)+




where ;  = 0; :::; 2; i; j = 3:::; 9.
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Step 8 We consider kink solution on world-volume of D2-brane and D2-antibrane,




















T + V (T ) + f(T )B

(2.44)
where ;  = 0; 1; i; j = 2::::9
Finally, we construct tachyon solution on world-volume of non-BPS D1-brane.






In the rst bracket, the fermion eld B is identically zero and we nish with
action for D0-brane in type IIA theory (more precisely, we end with action for 16
D0-branes in IIA theory, that form a bound state, but we will discuss this issue














We see, that with this "step by step" construction we are able to obtain all
D-branes in IIA theory, and when we start with system D9-branes and D9-
antibranes, following [9], we are able to construct all D9-branes in IIB theory
as well. However, we would like to see, whether direct construction, presented
in [9, 10], can be applied in this approach. We return to this question in next
section.
3. Direct construction
In this section we show that we can construct lower dimensional BPS D-brane also
directly, following [10], where was argued, that D-brane of codimension 2k + 1 can
be construct as vortex solution on world-volume of 2k non-BPS D9-branes with gauge
group U(2k). In region around point x = 0, the tachyon eld looks like:





where Γi are Gamma matrices of group SO(2k+1), which is a symmetry group of trans-
verse space to D(8-2k)-brane and xi; i = 1:::; 2k + 1 are coordinates on this transverse
space. In (3.1) we have introduced factor of convergence, which can be determined from
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requirement, that tachyon must be in vacuum value outside the small region around
the point x = 0 (In the extreme limit, this region shrinks to the point):
T 2(L) = f
2(L)(ΓiΓj)x
ixj = f(L)2L2 = T
2
v  (3.2)
where ;  are indexes in Dirac matrices and L is characteristic radius of region, out
of it the tachyon is in vacuum value. From previous equation we obtain
f(L) = Tv=L (3.3)
In extreme limit, we have L ! 0 and tachyon eld is nite in the point x = 0, but
its derivation with respect to r = xix
i will produce a delta function. As in previous
example, we will suppose, that tachyon eld lies in its vacuum value almost in the whole
transverse space R2k+1, but now this eld has nonzero twist around core of the vortex
so that around the point x = 0 is characterised with nontrivial matrix in SU(2k), which
express non-triviality of this conguration. In the following, we do not need precise
form of this matrix.















F (T; DT; :::)
(3.4)











where F is the same as in previous section:




MT + Tr(f(T )RL) + V (T )) (3.6)
Now we would like to analyse these equations of motion for tachyon and to nd some
constrains on massless elds as has been done in previous part. Firstly, from the form
of F we obtain variation of potential (in matrix notation):
dV
dT
= −2m2Tv + 43T 3 (3.7)
When we insert (3.1 into (3.7), we obtain
−2m2f(r)Γixi + 4f(r)3(Γixi)3
and using ΓiΓjx
ixj = r2 we get at r = L
(−2m2Tv + 4T 3v )Γixi=L = 0
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which implies, that in the limit L ! 0, we get solution, that minimise the potential.
From (3.1) we also see, that tachyon is zero in point x = 0, which is again extreme of
potential, so we can conclude, that this solution obeys dV
dT
= 0 everywhere.
The other term in equation of motion for tachyon is
DMD
MT = 0 (3.8)
Because tachyon has nonzero winding number, we obtain number of constrains for
massless elds. Firstly, out of the core of the vortex, the tachyon eld has nontrivial
behaviour given in (3.1). Then we have condition:
DiT = @iT + [Ai; T ] = 0 (3.9)
We write
Ai = Ai12k2k + ~A
i (3.10)
where Ai 2 U(1) (in the following, we do not write identity matrix) and ~Ai 2 SU(2k).
Then is clear, that (3.9) only xes ~Ai, because Ai is proportional to identity matrix, so
its commutator with tachyon is zero. We can claim, that ~Ai is completely xed with
tachyon solution (3.1) due to the requirement that the covariant derivative should be
zero out of the core. Because we are in vacuum value of tachyon almost everywhere
except point x = 0, this eld is specied in core of the vortex due to the continuity of this
eld ( in other words, this eld is nonzero and lies in SU(N)).In small neighbourhood
of the core derivative of tachyon dominates over commutator in covariant derivative, so
we can approximate tachyon as a kink solution and as we have seen in previous section,
this kink solution obeys equation of motion. We than can conclude, that unspecied
eld in point x = 0 is eld Ai(y) = X i(y) 2 U(1), where y has the same meaning as
before.
The second condition resulting from requirement of vanishing covariant derivative
is:
DT = [A; T ] = 0 (3.11)
When we again write
A = A12k2k + ~A (3.12)
where A 2 U(1) and ~A 2 SU(2k). In order to solve previous equation, we must
demand:
~A = 0 (3.13)
so that again A is dynamical eld. We see, that we have the same number of bosonic
degrees of freedom as for D(8-2k)-brane.
Now we return to the question of fermionic elds. We will see, that number of
massless fermionic elds exactly matches number of bosonic degrees of freedom. This
can be seen again from equation of motion for tachyon, where we analyse interaction
term with spinor elds:
df(T )
dT
RL = 0 (3.14)
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From the fact, that f(T ) is odd function of tachyon we can expect, that its derivative
is nonzero, so that R or L must be zero. We take as usually
R = 0 (3.15)
Then we see, that L is unspecied. This result can implies some some confusion,
because now L 2 U(2k), so that number of bosonic and fermionic degrees of freedom
is dierent. In order to solve this issue, we must return to the rst bracket in (2.8).
When we sum all previous results together, we obtain for F in (3.4) following result:





T 2v (r) = (r) (3.16)
where factor 2k comes from trace and (r) comes from the form of extreme solution,
where tachyon eld approaches vacuum value everywhere except point x = 0, so that
in small region around this point the tachyon behaviour looks like kink solution of one
radial coordinates.
Now we return to the rst bracket. We have seen, that gauge elds ~A; ~Ai 2 SU(2k)
are completely xed with tachyon solution (3.1), so these elds do not play any role
in dynamic of brane, so that we can discard these elds from the action. So that we







where we have used Fij = 0 for elds in U(1) and where factor 2
k comes from the trace
of unit matrix. In this expression F means eld strength for A 2 U(1).
On the other hand, from the kinetic term for L we obtain (we again divide this




i[ ~Ai; ~L] + 2
kLΓ
@L (3.18)
From this equation we can solve issue of fermionic degrees of freedom. The second term
in previous equation, due to the fact, that ~Ai is non-dynamical eld, plays the role of
mass term for fermions in SU(2k). In the low energy limit, which we are discussing,
these elds do not play any role, so that only one massless fermionic degree of freedom
is L =  2 U(1).
As a result, the action for massless elds is











i@X i + 2iΓ@)

(3.19)
where p = 8− 2k. For D0-branes, k = 4 and we obtain the same result as in previous
section.
It is also important, that with 16 non BPS D9-branes, we are able to construct lover
dimensional brane as well. Consider general D-brane of codimension 2k + 1. As was
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explained in ref.[10], this brane can be constructed from 2k non-BPS D9-branes with
gauge group U(2k), where tachyon t(x) 2 U(2k) is a function of 2k +1 coordinates and
forms a vortex solution. We can put this tachyon eld into U(16) as follows
T (x) = t(x)⊗ 1 (3.20)
where 1 is 24−k  24−k unit matrix. We can take gauge eld in the form
A = A  1⊗ 1 + A⊗ 1 + 1⊗A (3.21)
where A is U(1) part of gauge eld, A 2 SU(2k);A 2 SU(24−k) and 1 is 2k  2k unit
matrix. Then we can proceed as in previous part, because it is easy to see, that only
A is xed with tachyon solution due to the fact, that
[t(x)⊗ 1 ; 1⊗ A] = 0 (3.22)
so that A and A are not xed with tachyon solution, because do not appear in covariant
derivative DT . Then it is also clear, that
F = F⊗ 1 + 1⊗ F + F  1⊗ 1 (3.23)
where F is a eld strength for A, F is a eld strength for A, F is a eld strength for A and
F is a eld strength for A. Then kinetic term F 2 reduces into (Tr(A⊗B) = Tr(A)Tr(B))
Tr(F 2) = Tr(F2)Tr(1 ) + 2TrFTrF + 2F(TrFTr1 + Tr1TrF ) + Tr1Tr(F 2) + FTr1Tr1
(3.24)
We can immediately see, that second and third term vanishes due to the fact, that
TrF = TrF = 0. Since we write in action only free dynamical eld, we can discard
term with F. When we combine F with F into one single eld F in adjoin representation
of U(24−k) and use the fact, that all A are not function of 2k+1 coordinates, the kinetic
term reduces into
2k(TrFF + 2TrDX iDX i) (3.25)
where 2k comes from Tr1 and X i; i = 9− 2k; ::9 are dynamical elds describing trans-
verse fluctuation of 24−k D-branes of codimension 2k + 1 and we have also dened
DX = dX + [A;X ].
Analysis of fermions is the same as in case of D0-brane. Again, R is zero and we
write L in the same way as A
L = L  1⊗ 1 + ~L ⊗ 1 + 1⊗ L (3.26)
where the L is U(1) part of L, ~L 2 SU(2k) and  2 SU(24−k). than we obtain fol-
lowing expression from commutator of fermions with gauge eld in covariant derivative
[A; L] = [A; ~L]⊗ 1 + 1⊗ [A; ] (3.27)
15
again we see, as in case of D0-brane, that the rst commutator leads to the mass term
for ~L and since we are interested only in low energy action for resulting brane, the eld
~L decouples from the theory. As in case of gauge eld, we combine  with  into one
single massless fermionic eld  2 U(24−k), which has a kinetic and interaction term in
resulting action for D-brane
2iTrLΓ
MDML ) 2k(2iTrΓD + 2iTrΓi[X i; ]) (3.28)
Finally, with using the fact that TrDTDT = 24T 2v (r) we obtain the action














This action describes 24−k Dp-branes of codimension 2k + 1, where each D-brane is




. These results can also be seen in "step by step" construction.
Consider, for example, "step by step" construction for D6-brane. This can be schemat-
ically written as:
U(16)
kink! U(8) U(8) kink;2! U(8) kink! U(8) (3.30)
where factor on the second arrow expresses the presence of factor two in front of the
action. This sequence correspond to the sequence of branes
16D9 ! 8D8 + 8D8 ! 8D7 ! 8D6
Which implies, that this conguration describes system of 8 D6-branes with gauge
group U(8) (In fact, as was explained in previous section, each D6-brane is a bound
state of two D6-branes). The same "step by step" construction can be used for other
D-branes. For D4-brane, we have sequence:
U(16)
kin! U(8) U(8) kink;2! U(8) kink! U(4) U(4) kink;4! U(4) kink! U(4) (3.31)
which corresponds to emergence of action for 16 D4-branes with gauge group U(4),
with agreement with general result given in (3.29)
To sum up, we have seen, that from conguration of 16 non-BPS D9-branes in
IIA theory we can construct all BPS D-branes in IIA theory. In fact, we obtain after
appropriate tachyon condensation action, that describes 16 D-branes. The question
remains, whether we can describe one single D-brane in this theory. Firstly, we can
go into the Coulomb branch of the resulting action and consider one separate D-brane
taking the other branes to innity. Then we obtain action for single D-brane of codi-
mension 2k + 1, but with additional factor 2k in front of the action, which suggests,
that this brane is a bound state of 2k D-branes. It is clear, that resulting D-brane
looks like ordinary D-brane of codimension 2k + 1, but its tension is dierent, so we
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cannot say, that this D-brane is elementary D-brane. We will see the same problem in
analysing of WZ term in section (6). At present, we do not know, how we could obtain
action for single elementary D-brane. It is possible that clue to this issue lies in more
general construction of tachyon condensation corresponding to the D-branes which do
not coincide.
Next we turn to the question of construction of D-branes in Type IIB theory.
4. D-branes in Type IIB theory
In this section we would like to construct D-branes in Type IIB theory. As was argued in
[9], these branes can be constructed as nontrivial topological solution on world-volume
of appropriate numbers of D9-branes and D9-antibranes. We show "step by step"
construction on example of D1-brane. Then we must take 8 branes and antibranes, so

























16T 2v + 2Tr(
~DT  ~DT + (−m2Tr(TT ) + Tr(TT )2)




where F 2 U(8) is gauge eld living on 8 D9-branes, F 0 is gauge eld living on 8 D9-
antibranes , ; 0 are corresponding superpartners and tachyon T and fermionic eld B
transform in (8; 8) of gauge group U(8)U(8). Equation of motion for tachyon arises
from variation of second term in 4.1. We take classical tachyon solution in the form












i; r 6= 0
0; r = 0
(4.3)
where we have introduced polar coordinates in plane x9; x8. We must stress, that
previous equation is extreme limit of ordinary vortex solution, see for example [6, 7].












where a; b; c; d; e; f; g; h 2 U(4), than we can obtain condition of invariance of this
vacuum solution:
T 0 = g1Tg−12 =
 
aToe
−1 − bT0g−1 aT0f−1 − bToh−1
cT0e




and requirement of invariance of T leads to the condition b = c = f = g = 0 and
a = e; d = h, so that gauge symmetry is broken to U(4) U(4).
We start to analyse equation of motion for tachyon. Again, it is easy to see, that for
(4.3), dV
dT
is zero (outside the core, T 2 = Tv and in r = 0, T = 0). The second equation
is
~DM ~D
MT = 0 (4.6)
for covariant derivative dierent from x8; x9 we obtain condition:
AT − TA0 =
 
T0(A−A0) BT0 − T 0B0
CT0 − T 0C 0 T 0(D −D0)
!
= 0 (4.7)




 = 0, which corresponds to
breaking gauge group U(8) U(8) ! U(4) U(4) and also we have condition 2
A = A
0
; D = D
0
 (4.8)
From ~DTx8;x9 we know, that derivatives of T is nonzero, so we obtain condition for
gauge eld  
dT0 + T0(A− A0)i BiT0 − T 0B0i
CiT0 − T 0C 0i dT 0 + T 0(D −D0)i
!
= 0 (4.9)
Again, we obtain condition
Bi = B
0
i = Ci = C
0
i = 0 (4.10)
Further we know, that dT 2 U(1), so it is appropriate to split gauge elds Ai; A0i in







i 2 U(1); ASU(4)i 2 SU(4)
and similarly for A0i. Then from (4.9) we see, that dierence of abelian parts of gauge










i is free dynamical eld. we can obtain the same result
for D; D0.
These results lead to changes in kinetic terms for gauge elds in original action (4.1)
(We use notation G = dA + A ^ A; H = dD + D ^D and the same notation for A0):
TrFF
 + F 0F
0 = TrGG + TrG0G
0 + TrHH















































where we have introduced : AAiU(1) = AiU(1) − A0iU(1); 2AiS = AiU(1) + A0iU(1) (The same
thing is true for H as well). We know, that AAU(1) is completely xed with tachyon
solution, so it is not a dynamical eld, so we can discard this term from the action. As
a result, we obtain from (4.13)
2Tr[X i; Xj]2 + 2Tr[X 0i; X 0j]2 (4.14)
where we have renamed Ai = Xi; Di = X
0
i and we have combined U(1) elds and SU(4)
elds into single U(4) eld. We see, that these terms correspond to potential terms for
D7-branes and D7-antibranes. As a nal step, let us consider term:
TrFiF
i + TrF 0iF








We can proceed as in previous case. As a result, we obtain kinetic terms for scalar
elds on branes and antibranes:
4DX




where D = d + [A; ]; D0 = d + [A0; ] and where we have renamed A = A; D = A0. As a
nal result, we obtain kinetic and potential terms for 4 D7-branes and 4 D7-antibranes:
2(TrFF
 + 2DX









Now we come to the interaction terms between fermions and tachyon. We obtain
df(T )
dT
CΓ0 + df(T )
dT

































then from (4.17) we get
 
g(AK + BM) g(AL + BN)




g(AyK + CyM 0) g(AyL0 + CyN 0)
h(ByK 0 + DyM 0) h(CyL0 + DyN 0)
!
= 0 (4.20)
In previous equation we have not written the gamma matrix Γ0, which must appear
between various fermionic terms. Previous equation can be solved as 3
A = M = D = L = M 0 = L0 = 0 (4.21)
 
0 gBΓ0N + gCyΓ0N 0
hCΓ0K + hByΓ0K 0 0
!
= 0 (4.22)
The solution of (4.22) is given as






When we take limit r ! 0 than g behaves as a kink solution and we have in this limit
g
g
! 1. We can than write
B = −Cy (4.25)
and






Now we obtain from kinetic term for B in (4.1):
BΓM ~DMB ) 2(TrBΓ ~DB + TrBΓi(XiB −BX 0i)) (4.27)











where we have renamed K = ; N = 0 and where we used the fact, that all fermionic
elds are independent on x8; x9 as usually.
3There can be some question, why we take this condition, because we could take for example
solution K = B = 0. The argument can go as follows. We know, that tachyon solution breaks
gauge symmetry from U(8)  U(8) ! U(4)  U(4). The massless fermions must belong to the same
representation of unbroken gauge group as were before breaking of gauge group. When we should have
solution corresponding K = B = 0, we would have fermions coming from  sector, that transforms
in (4;4) representation of gauge group U(4) U(4) but this is clearly incorrect, because they should
transform in adjoin representation of U(4). From this reason we should take condition given in (4.21).
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As a result, we obtain precisely the correct form of action for massless elds living
on world-volume of 4 D7-branes and 4 D7-antibranes.
Now we come to the second bracket of (4.1). As in case of kink solution in previous
section, we must argue, that (4.2) is not the general form of tachyon eld and we can
expect, that there could be o-diagonal modes which are not restricted with equation
of motions for diagonal modes:






With the same construction as in case of kink solution, we obtain
Tr ~DiT ~DiT = 2Tr(XiT − TX 0i)(X 0iT − TXi)(r) + 8T 2v (r) (4.30)
and
Tr ~DT ~D
T ) 2Tr ~DT ~DT(r) (4.31)
and
V (T ) ) 2V (T )(r) (4.32)
Finally, interaction terms between fermions and tachyon have the same form with
additional factor 2. Inserting this second bracket into (4.1) and integrating over r; 


















+ 4iTr(BΓ ~DB + BijΓ




0 + 2DX 0D0X 0 + 2i
0
(ΓD0






8T 2v + 2ijTr(X
iT − TX 0i)(X 0jT − TXj)+
+2Tr( ~DT  ~DT + (−m2Tr(TT ) + Tr(TT )2)
+Tr(f(T )B) + Tr(f(T )C0)
o
(4.33)
Following [9], we can construct vortex solution on world-volume of 4 D7-branes and
4 D7-antibranes in the same way as before. Again, we obtain action for 2 D5-branes
and 2 D5-antibranes. As before, from the rst bracket we obtain factor 2, so we have
in front of the action factor 22 and from the second bracket we obtain factor 2, so
that 2=8 ! 4. Next vortex solution leads to the action for one D3-brane and one
D3-antibrane and we obtain factor 24 in front of the action and 2=4 ! 2 in front of the
second bracket. The last vortex solution, which was discussed in [1] leads to the action
for one D1-brane with factor 24 in front of the action. Again, it is more appropriate to
interpret this D1-brane as a bound state of sixteen D1-branes from the same reasons,
as were explained in part devoted to the construction of D-branes in IIA theory. We
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know, that in Type IIB theory we have D-1-brane (instanton) with codimension 10, so
that it is more appropriate to start with 16 D9-branes and 16 D9-antibranes and as we
show in the next section, all D-branes in Type IIB theory can be construct from the
action given in (4.1) with gauge group U(16) U(16).
Now we would like to show, that we can construct D-branes in Type IIB theory
with using direct method, following [9].
5. D-branes in IIB theory-direct construction
In this section we construct D-branes in IIB theory via direct construction, following
[9]. In this approach, D-brane of codimension 2k (its spatial dimension is 9 − 2k) can
be construct as a vortex solution in world-volume of 2k−1 D9-branes and antibranes,

























2kT 2v + 2Tr(
~DT  ~DT + (−m2Tr(TT ) + Tr(TT )2)
+Tr(f(T )B) + Tr(f(T )C0)
o
(5.1)
We take tachyon eld in the form





where Γi; i = 1; :::; 2k are Dirac matrices of transverse rotation group SO(2k) and xi
are coordiantes in this transverse space and f(r); r = xix
i is a factor of convergence.
Outside the core of the vortex, this tachyon eld lies in its vacuum value and this
vortex has vortex number 1. Again, we can take extreme limit, in which tachyon is
in its vacuum value everywhere except point r = 0. As in case of type IIA theory,
variation of the second bracket in (5.1) leads to equation of motion for tachyon and
from which we obtain number of constraints on massless elds.
Again it is easy to see that this tachyon eld minimises the potential, so we have
dV
dT
= 0 for this solution. Vanishing of term in equation of motion, which arises from
variation of kinetic term for tachyon in (5.1), leads to the condition on covariant deriva-
tive outside the point x = 04:
~DT = dT + AT − TA0 = 0 : (5.3)
4In the point r = 0 the extreme limit approaches the kink solution, where tachyon eld is a function
of r. As it was shown in section (2), this solution is a solution of equation of motion in the point r = 0
as well.
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For xi = 1; :::; 2k the derivative dT is nonzero as a consequence of nontrivial behaviour
of tachyon, so that requirement of vanishing of covariant derivative leads to some con-
ditions on gauge elds. We also see from the form of tachyon solution (5.2), that
this solution takes values in SU(2k), because TrΓi = 0 5. We can schematically write
T = W , where W is 2k−12k−1 matrix, whose meaning was explained in footnote, and
also
A = A + ~A; A 2 U(1); ~A 2 SU(2k−1)
and A0 has the same form. Then previous equation leads to:
dT + T (A−A0) + T ~A− ~A0T = 0
which can be solved as:
~Ai = −W−1@iW; ~A0i = 0; Ai −A0i = 0 (5.4)
For M =  we obtain equation:







 = 0 (5.6)
6 This equation holds in the almost whole plane R2k and due to the continuity of
massless elds also in the point r = 0. As a result, we obtain only U(1) dynamical
degrees of freedom, A; Ai = Xi, which are not function of transverse coordinates.






C0 = 0 (5.7)
5There is a small issue. In fact, tachyon elds takes values in SU(2k), but gauge elds belong to










where these elds have dierent embedding due to the fact, that have dierent chirality, as was
explained in [9]. It was shown in [12] on example of brane of codimension 2 that this approach
gives the same results as ordinary vortex solution. More precisely, in this case gamma matrices are
ordinary Pauli matrices and we have T = ixi

0 x1 + ix2








previous form of gauge elds we obtain from condition of vanishing covariant derivative: ~DT = 0 )
d(ei) +Aei − eiA0 = 0 which is an ordinary vortex condition. Equivalently, tachyon eld must be
map from the space of states of negative chirality into space of states of positive chirality. When we
















, which has a
positive chirality. In the following, we used the second approach and will consider T W .
6In fact, we could consider more general solution: ~Ai = T−1 ~A0iT . However, these elds would
have nonzero commutator with Ai in eld strength, so these elds get massive and decouple from the





= f + ig;
df(T )
dT
= f − ig; C = By = Z + iW; Cy = Z − iW (5.8)
Now (5.7) leads to the equation:
(fZ + ifW + igZ − gW ) = 0; (fZ − ifW − igZ − gW )0 = 0 (5.9)
Sum of these two equations leads to
(fZ − gW )( + 0) + i(gZ + fW )( − 0) = 0 (5.10)
which has a nontrivial solution
Z = f−1gW;  = 0 (5.11)
and dierence of two equations leads to
Z = −g−1fW;  = 0 (5.12)
Remember, that in the limit r ! 0 our solutions approaches kink solution, which is
real, so that we have g(r) ! 0 for r ! 0. We than immediately see from (5.11) that
Z ! 0. On the other hand, (5.12) implies W ! 0 for r ! 0. As a result, fermionic
eld B completely disappears on world-volume of resulting D-brane.
From previous analysis we know, that we have fermionic elds  = 0 2 U(2k−1),
which are unrestricted. Due to the presence of coupling [A; ] and nontrivial behaviour
of gauge elds Ai 2 SU(2k−1), this term gives a mass term for fermions in SU(2k−1)
so that massless fermionic degrees of freedom are  = 0 2 U(1) as in case of direct
construction of D-branes in IIA theory.
Now we come to the nal result. The right bracket in (5.1) gives:
C
2k







In the rst bracket, we have (again we will write only dynamical elds, which are
not xed with vertex solution):
F 2MN = FF
 + 2@X
i@X i (5.13)
where F = F 0 is eld strength for U(1) gauge eld A = A0 and X
i = Ai = A
0
i. In the
same way, fermionic term reduces into
2iΓ@

















where the factor 2k−1 comes from the trace over elds in U(1).
As in case Type IIA theory, we can construct all D-branes in IIB theory starting
from system of 16 D9-branes and 16 D9-antibranes with gauge group U(16)  U(16).
Let us take tachyon solution, that describe D-brane of codimension 2k 7. This solution
is given in the same way as in section (3)
T (x) = t(x)⊗ 1 (5.15)
where t(x) is 2k−12k−1 complex matrix, which is a function of 2k coordinates, forming
vortex solution describing D-brane of codimension 2k and 1 is 25−k25−k unit matrix.
The gauge eld has a form
A = A  1⊗ 1 + A⊗ 1 + 1⊗A (5.16)
where A 2 SU(2k−1);A 2 SU(25−k) and A is U(1) part of gauge eld. Similarly, we
have for A0
A0 = 1⊗ A0 (5.17)
where A0 2 U(25−k) and we have use the fact, that all nontrivial behaviour of tachy-
onic eld can be encoded into behaviour of eld A. Condition of vanishing covariant
derivative ~DT leads to the constraints on gauge elds
~DT = 0 ) dt⊗ 1 + At⊗ 1 + t⊗ (A  1 + A−A0) = 0 (5.18)
from which we can immediately see that A is completely xed with tachyon eld, so is
not a dynamical eld and can be discard from the action. We also have condition
A0 = 1  1 + A = A (5.19)
where we have named the resulting gauge eld in adjoin representation of U(25−k) as
A.
Following the same arguments as for D-branes in IIA theory, we obtain from kinetic
terms for gauge elds on original system of branes and antibranes the result
F 2 + F 02 ) 22k−1(TrFF + 2DX iDX i) (5.20)
where ;  denotes coordiantes tangent to resulting D-branes of codimension 2k and
xi; i = 10 − 2k; :::; 9 denote coordinates transverse to D-branes and factor 2k−1 comes
from Tr1 = 2k−1.
In the similar way we can analyse the fermionic terms. We obtain conditions, that
only nonzero massless elds are ; 0 2 U(25−k), which appear in the original form of
spinor elds with factor 1⊗ ; 1⊗ 0 and these elds are related via condition
 = 0 (5.21)
7We consider only D-branes of codimension 2k; k > 1, because the case k = 1 is ordinary vortex
solution and the analysis has been done previous section.
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0 ) 22k−1(2iΓD + 2iΓi[X i; ]) (5.22)















that describes 25−k Dp-branes of codimension 2k with gauge group U(25−k). The factor
2k in front of the action expresses the fact, that in the construction we have used 2k−1
D9-branes and D9-antibranes.
6. Wess-Zumino term for non-BPS D-brane
In this section we will show, that tachyon condensation in Wess-Zumino term for non-
BPS D-brane leads to correct WZ term for BPS D-brane. We start from generalised
form of WZ term, which is based on previous works [17, 18] and on the works [2, 4].
We hope, that this term describes correctly the coupling between non-BPS D-branes
and RR forms.
We propose RR interaction for non-BPS D-branes in the form:
IWZ = 2
Z






















where normalisation factor in front of (6.2) has been determined from requirement of
correct charge of resulting D-brane. The factor 1
2
in front of F comes from the fact,
that we work in units 420 = 1 ) 20 = 1=(2). We must say few words about (6.1).
Firstly, we can have only odd powers of T in WZ coupling, as was explained in [2, 4].
Secondly, we have replaced ordinary derivatives with covariant derivatives as in [1].
We have included higher powers of DT in (6.1), which can be seen as a generalisation
of [17] and we have introduced a factors proportional to T 2k as in ref.[18], but our
explanation of presence of these terms in (6.1) diers from [18] as it will be explained
later. In the following we will show on various examples that proposed action (6.1)
correctly reproduces WZ term for D-branes in Type IIA theory.
First example is "step by step" construction on 16 non-BPS D9-branes in Type IIA
theory with gauge group U(16). We have seen, that this solution leads to action for
single D0-brane. In this section, we apply this construction for WZ term (6.1). We



















CTrDT ^ eF=(2) =
Z
Cp ^ (eF=(2) − eF 0=(2)) (6.5)
simply from the fact, that non-diagonal terms in derivation of tachyon do not con-
tribute. In the following, we will write F instead of F=(2) and we restore the factor
2 in the end of the calculation.



































C ^ (Tr ~DT ^ ~DTeF − Tr ~DT ^ ~DTeF 0)
(6.6)






C ^ Tr(DT 5 ^ eF ) = 1
4!
Z












@ 0 ( ~DT ^ ~DT )2














C ^ (Tr( ~DT ~DT )2 ^ eF − Tr( ~DT ^ ~DT )2 ^ eF 0)
(6.7)















C ^DTT 2eF (6.9)
In the point x = 0, diagonal terms in T are zero, so we have












where we have omitted factor (x = 0). Then we obtain from previous equation (Only






















C ^ (TrTT ^ eF − TrTT ^ eF 0)
(6.11)






























@ ~DT ^ ~DT 0












C ^ (Tr ~DT ^ ~DTTTeF − ~DT ^ ~DTTTeF 0)
(6.14)












C ^ (Tr ~DT ^ ~DT )k(TT )l ^ eF − Tr ~DT ^ ~DT (TT )l ^ eF 0) = IBk;l
(6.15)





We can see striking similarity with result in [18].
Now we construct kink solution on the world-volume of 8-branes and 8-antibranes.
This solution was given as:
T (x; y) = T0(x)188 + iT (y)(x); T (y)y = T (y) (6.17)
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We have seen, that this solution gives correct kinetic term for non-BPS D7-brane. From
this analysis we know that F = F 0. We start our analysis with the terms Ik;0. We will
write ( ~DT ^ ~DT )k = ( ~DT ~DT ) ^ ( ~DT ^ ~DT )k−1. Now we use the fact, that in second
bracket in previous expression we do not have derivation with respect x, so we obtain
~DT = iDT; ~DT = −iDT so that the second bracket is equal to
(DT ^DT )k−1 = (DT )2k−2
and the rst bracket is equal to
(Tv(x) + iA)(−i)DyTdx ^ dy + iDyT (Tv(x)− iA)dy ^ dx = −2iDyTTv(x)dx ^ dy
where A is some expression, which is not important for our analysis and we have used
dx^dy = −dy^dx. For expression ( ~DT ^ ~DT )k = ( ~DT ^ ~DT )^ ( ~DT ^ ~DT )k−1 we can
do the same analysis. The second bracket is equal to (DT )2k−2 and the rst bracket
leads to the result




(2(k−1))! ( k comes from k possibilities to choose the pair DTDT
and the 4 comes from previous analysis), we obtain
Ik;0 =
−2i
T 2k−1v (2(k − 1))!
Z
R1;7
C ^ Tr(DT )2k−1eF (6.18)
which is a correct result (up the sign (-2i) )for non-BPS D-branes. The same analysis
can be used for general Ik;l, because the only dierence is in presence of term TT =
(iT )(−iT ) = T 2, where we have used the fact, that in point x = 0, T0 is zero. So that
we obtain general result:
IBk;l )
−2i
T 2k−1+2lv (2(k − 1))!
Z
R1;7
C ^ Tr(DT )2k−1T 2leF = (−2i)IAk−1;1 (6.19)





We can again construct kink solution on non-BPS D7-brane with gauge group U(8),
leading to the action for 4 D6-branes and 4 D6-antibranes 8. Following general recipe
(6.8)
IAk−1;l ) IBk−1;l ) IAWZ ) IBWZ (6.21)
We must remember, that now the gauge group is U(4) U(4).
8We can notice, that in front of WZ term is a factor 2. We will see, that in front of WZ term for
D5-brane will be factor 4, for D3-brane will be factor 8 and nally for D1-brane the factor 16 will be
present. The interpretation of these factors is the same as in section (2).
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Further kink solution on world-volume of brane antibrane leads to
IBk−1;l ) (−2i)Ik−2;A; IBWZ ) (−2i)2IAWZ (6.22)
It is important to stress, that
IB0;l ) 0 (6.23)
due to the fact, that F = F 0; T = T . As a result, we obtain action for 4 non-BPS
D5-branes with gauge group U(4). Further kink solution leads to 2 D4-branes and
2-D4-branes with gauge group U(2) U(2) and
IAk−2;l ) IBk−2;l (6.24)
Further kink solution leads to the WZ term for 2 non-BPS D3-branes with gauge group
U(2) and
IBk−2;l ) (−2i)IAk−3;l; IBWZ ) (−2i)3Ik−3;l (6.25)
Next step gives action for D2-brane and D2-antibrane
IAk−3;l ) IBk−3;l (6.26)
Kink solution in this system gives non-BPS D-brane. In this step, covariant derivative
for brane+antibrane system is
~DT = dT + AT − TA0 ) dT






C ^ dT X
l=0
T 2leF (6.27)
Now we consider the last tachyon condensation. It is important to stress, that only
term with l = 0 is nonzero, because other terms are zero in point x = 0 due to the fact,





We see, that this is a correct coupling of 16 D0-branes to RR one form so together with
result in section (2) we obtain right action for BPS bound state of 16 D0-branes in IIA
theory.
7. General D-branes in IIA theory
In this part we will consider construction of general Dp-brane in Type IIA theory with
using gauge theory living on 16 non-BPS D9-branes. We consider situation, when
tachyon condensation leads to D-brane of codimension 2k +1. Following general recipe
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given in [10], this brane can be constructed from 2k non-BPS D9-branes with gauge
group U(2k). For kinetic term, we have obtained correct expression in section (3). We












C ^ Tr(DT )2k+1T 2leF (7.2)
Firstly, we take kink solution, that results into conguration of 8 D8-branes and 8 D8-
antibranes. From the paper [18] we know, that modied WZ term for brane antibrane
system has a form

Z
C ^ Trd(TDT ) (7.3)
where  is undetermined constant, that was taken to be equal  = 1 in [18]. With this
result, the generalised WZ term in the form of supercurvature was presented in [18].
In this paper, we will use results in [18] as a guide principle, but we must stress two
important things. Firstly, we propose, that correct value of constant  is  = −1. Then
we will see, that we obtain correct charge for D-brane arising from tachyon condensation
in the form of vortex solution. Secondly, we take only terms of order TT in our WZ
term (which simply means, that we take terms with l = 1) from the following reason.
In [18], term TT appears in exponential function  eTT . But this seams to us to be
some strange, because in ordinary WZ term in exponential function we have forms, so
expansion of this exponential leads to nite terms of various powers of eld strength.
We do not know, why we should have innite number of terms appearing in WZ terms,
which arise from expansion of eTT . From that reason, we take only term TT which is













C ^ f(Tr ~DT ^ ~DT )k(TT )l ^ eF −Tr ~DT ^ ~DT (TT )l ^ eF 0g (7.5)
We must also stress, that sign in front of the term containing DT is unimportant,
because in order to obtain brane or antibrane, we can always choose such behaviour of
tachyon eld, so that we get correct charge and this behaviour do not appear in kinetic
term due to the fact, that there derivatives come in pairs as  DTDT .
Now we can construct vortex solution as in section devoted to D-branes in Type
IIB theory. We start with D6-brane, which arises from tachyon vortex solution on
world-volume of 8 D8-branes and antibranes. This vortex solution is given as
T (x7; x8) = Tvortex188 (7.6)
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where Tvortex was given in section(4).
In (7.5) the only nonzero terms are terms with k = 0. This follows from the fact,
that for k > 1 we obtain more exterior derivatives than two while tachyon is function
only x7; x8 and for k = 1 we obtain exterior derivative that contains derivative with




























Tr(F − F 0) ^ (F + F 0) ^ (F ^ F + F 0 ^ F 0)
(7.7)
where we have introduced the factor 1=(2), given in section(6). Because we know,
that Z
R2
(F − F 0) =
Z
R2
d(A− A0)188 = 2188 (7.8)
(we omit the factor i, because this can be eliminated with appropriate rescaling of











which describes WZ coupling for 8 D6-branes, but we have argued in last section, that
due to the tachyon condensation we should obtain system of 16 D6-branes, rather than
8 D6-branes. This is the point where anomalous tachyon coupling can be used. This














(F −F 0)^ (F +F 0)::: (7.10)












where we have used the fact, that T 2(x8; x9) is constant for the points outside x = 0
and also we have used the fact that dT
dx
T (x) jx=0 = 0. In the same way, we obtain from










which is a correct expression for 16 D6-branes as we could expect from the analysis of
kinetic term.
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Now we turn to the case of D4-branes. We have already seen the form of WZ term
for system of D6-branes and D6-antibranes, which is the same as for D8+anti D8-pair
with additional factor 2 (Again, we can omit factor i). We can construct tachyon
solution as in previous case of D6-brane and we immediately obtain the result
IWZ = 4(2)
Z






where F 2 U(4). Again we see, that we obtain WZ term for four D4-branes, which
are not elementary branes, but are bound states of four D4-branes, with agreement of
analysis, which was made in section (3).
In the same way we can construct D2-brane, when we obtain WZ term for two D2-
branes, where each D2-brane is bound state of eight elementary D2-branes. D0-brane
was analysed in previous section. It is also clear, that previous analysis is valid for IIB
theory as well, we can simply start with system 16 D9-branes and antibranes.
Of course, as in sections (3), we can consider direct construction of WZ term for
BPS D-brane, following [10]. In fact, this has been done in [17] and we will follow this
approach. Consider Dp-brane of codimension 2k + 1. We know from section (3), that
gauge eld divides in two parts
F = F⊗ 1 + 1⊗ F (7.14)
where F 2 SU(2k) and F 2 U(2k−4). We also know, that only term with one covari-
ant derivative DT contributes to the charge, because the other terms contain more
derivatives of tachyon and from the previous section we know, that covariant derivative
outside the point x = 0 is zero and in the point r = 0 the nonzero covariant derivative
is DrT  (r), while the other covariant derivatives are zero, so that expressions con-
taining DT ^DT::: are zero. Also term with T (x)2 is zero simply from the fact, that
outside the point r = 0 covariant derivatives are zero and in the point r = 0, T = 0.
















C ^ Trd(TeF=(2))TreF=(2) (7.16)
where we have used the fact, that trace of commutator of matrices is zero. This
expression is the same as in [17] where was argued, that
d(TrSU(2k)Te
F=(2)) = 2kTv(r)dx
1 ^ :::dx2k+1 (7.17)
In fact, in [17] the factor 2k was not consider but we think, that this factor is crucial











which is a correct WZ term system of 16 Dp-branes of codimension 2k + 1.
For Type IIB theory the situation is similar. We start from system 16 D9-branes
and D9-antibranes and consider tachyon condensation, which describes D-brane of codi-
mension 2k. We consider the WZ term for system brane+antibrane (7.4). The terms
which contain the covariant derivative of tachyon eld (DT ^ DT ) are zero from the
same reasons as in previous case of tachyon condensation in Type IIA theory. The
































In (7.19) the second term gives the same contribution as the rst term as we could see
in previous parts, so we can consider only rst one. We know, that eld strength has
a form
F = F⊗ 1 + 1⊗ F ; F 0 = 1⊗F (7.20)













For D-brane of codimension 2k, we have gauge eld F living in transverse space, which
is topologically as S2k. Than we haveZ
S2k






Tr(F ^ F) + :::) (7.22)
where we have used the fact, that TrF = 0 for F 2 SU(2k−1). It is easy to see, that
we obtain correct charge for D-brane of codimension 2k. Firstly, all lower dimensional
homology classes on sphere S2k are zero [21], so that all lower dimensional chargers
corresponding integration of some power of eld strength over lower dimensional cycles






For example, for 2k = 4 previous integral gives instanton number 1
82
R
F^F and as was
argued in [20], the rst stable instanton conguration is conguration with instanton









where we have incorporate the second term in (7.19). Previous WZ term is a cor-
rect term for 8 D5-branes. Generally, with analogy [22] we can expect, that higher




TrFk = 2k−1 (7.25)
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The factor 22k−1 express the fact, that 2k−1 D9-branes and D9-antibranes have been
used in construction of 25−k D-branes of codimension 2k, which is in agreement with
the results in section (5).
8. Conclusion
In previous sections we have seen on many examples, that our approach to the problem
of tachyon condensation gives correct form of action for D-branes in Type IIA and
Type IIB theory. Of course, more direct calculation should be needed for conrming
our result, especially interesting appears to us approach presented in ref.[23, 24]. We
know, that form of our action for non-BPS D-brane is rather simple approximation,
which should be supported by more direct calculation in string theory. On the other
hand, success of our approach allows us to claim, that even with this simple form of
action we are able to obtain correct form of action for BPS D-branes. It is possible
that in heart of the success lies BPS property of D-branes. It would be very nice to
conrm our calculation with direct method as in ref.[23, 24].
It would be interesting to study the other theories, especially Type I theory and
M-theory, following [16]. It would be also interesting to study tachyon condensation in
the other systems, following [25, 26]. And nally, it would be interesting to study the
problem of emergence of non-Abelian gauge symmetry for system of N D-branes, that
arise from tachyon condensation.
35
References
[1] J. Kluson, "D-branes from N non-BPS D9-branes in IIA theory", hep-th/9910241.
[2] A. Sen, "Supersymmetric World-volume Action for Non-BPS D-branes",
hep-th/9909062.
[3] A. A. Tseytlin, "Born-Infeld action, supersymmetry and string theory",
hep-th/9908105.
[4] A. Sen, "Non-BPS states and Branes in String Theory" , hep-th/9904207.
[5] A. Lerda and R. Russo, "Stable Non- BPS states in String theory: A Pedagogical Review"
, hep-th/9905006.
[6] J. Schwarz, "TASI Lectures on Non- BPS D- Branes Systems", hep-th/9908144.
[7] A. Sen, "SO(32) Spinors of Type I and other solitons on Brane-Antibrane Pair", JHEP
9809 (023) 1998, hep-th/9808141.
[8] A. Sen, "Type I D particle and its Interactions", JHEP 9810 (021) 1998,
hep-th/9809111.
[9] E. Witten, "D-Branes and K theory", hep-th/9810188.
[10] P. Horava, "Type IIA D-Branes, K-Theory and Matrix theory", hep-th/9812135.
[11] K. Olsen and R. J. Szabo, "Brane Descent Relations in K theory", hep-th/9904157.
[12] K. Olsen and R. J. Szabo, "Constructing D-Branes From K theory", hep-th/9907140,
[13] A. Sen, "Tachyon condensation on Brane-Antibrane system", JHEP 08 (012) 1998,
hep-th/9805170.
[14] A. Sen , "Stable non-BPS states of BPS D-particles", JHEP 08 (010) 1998.
[15] A.Sen , "BPS D-branes on non-supersymmetric cycles", JHEP 12 (021) 1998,
hep-th/9812031.
[16] P. Horava, " M theory as a holographic theory", Phys. Rev. D 59 (046004) 1999.
[17] M. Billo, B. Craps and F. Rosse, "Ramond-Ramond coupling of non-BPS D-branes",
hep-th/9905157.
[18] C. Kennedy and A. Wilkins, "Ramond-Ramond Coupling on Brane-Antibrane Systems",
hep-th/9905185.
[19] E. Witten, "Bound States of Strings and p-Branes", Nucl. Phys. B 460 (1996) 335,
hep-th/9510135.
[20] W. Taylor IV., "Lectures on D-branes, Gauge Theory and M(atrices)", hep-th/9801192.
36
[21] M. Green, J. H. Schwarz and E. Witten, "Superstring theory, Vol.2", Cambridge Uni-
versity Press 1987.
[22] W. Taylor IV, "Adhering 0-branes to 6-branes and 8-branes", hep-th/9705116.
[23] A. Sen,"Universality of the Tachyon Potential", hep-th/9911116.
[24] A. Sen and B. Zweibach, "Tachyon Condensation in String Field Theory",
hep-th/9912249.
[25] E. Bergshoe, E. Eyras, R. Halbersma, C. M. Hull, Y. Lozano and J. P. van der Schaar,
"Space-time-lling Branes and Strings with Sixteen Supercharges:, hep-th/9812224.
[26] L. Houart and Y. Lozano, "S-Duality and Brane Descent Relation", hep-th/9911173.
37
